INTRODUCTION {#sec1-1}
============

Shift work is defined as work at times other than the daytime hours of 7:00 A.M. to 6:00 P.M. It is estimated that almost 15% of full-time workers in the United States (i.e., 15 million Americans) are shift workers who work evening, night, or rotating shifts. Social needs and economic factors promote the use of shift work. Shift workers provide critical services, including police and fire protection, health care, transportation, communications, public utilities, military service, and services in industries that require continuous processing.\[[@ref1][@ref2]\]

Shift work has been documented to cause adverse health effects, by disturbing three factors: circadian rhythms, sleep, and personal (i.e., family and social) life.\[[@ref1]\]

In the long term, because of disturbance of circadian rhythms such as the sleep-wake cycle, morbidity and mortality rates in shift workers will be increased.\[[@ref3]--[@ref6]\]

Some previous studies have demonstrated an increased risk of medical conditions, including cardiovascular disease, arthritis, diabetes mellitus, and certain cancers in association with sleep deprivation.\[[@ref6]--[@ref12]\]

A number of studies have suggested that sleep disorders such as sleep loss, narcolepsy, and sleep apnea are associated with elevated inflammatory markers such as interleukin 6 (IL-6), tumor necrosis factor-alpha (TNF-α), C-reactive protein (CRP), and white blood cells (WBC).\[[@ref12]--[@ref19]\]

The purpose of this study was to evaluate the relationship between night work and elevation of inflammatory markers.

Regards to the side effects of shift work and circadian rhythms and sleep disturbance as one of the important cause of these side effects and on the other hand the elevation of inflammatory markers after sleep deprivation, the purpose of this study was to evaluate the relationship between night work shifts and elevation of inflammatory markers.

The relationship between increased inflammatory markers and medical conditions, which is the same as side effects of shift work, has been observed in some studies. If further studies support the results of this study, we can use inflammatory markers for early detection of long-term health side effects of shift work in future for prevention of them.

MATERIALS AND METHODS {#sec1-2}
=====================

Subjects {#sec2-1}
--------

The subjects included 50 healthy workers who gave consent and were paid for participation in this study. Inclusion criteria required the healthy workers. Workers were excluded from the study if they had any history of inflammatory disease, cancer, chronic disease, psychotic disorder, drug or alcohol abuse, body mass index (BMI) \>30, or smoking history (as determined by review of pre-employment and annual employment medical records). Workers who were determined to have sleep disorders according to their score on the Epworth sleepiness scale (ESS) and insomnia questionnaires were also excluded. Cutoff point for ESS questionnaire was 13 and for insomnia questionnaire was 8. They were also excluded if they developed any acute disease or reported poor sleep during the study period.

Protocol {#sec2-2}
--------

We designed a randomized clinical cross over trial study with a specific shift work schedule.

Group 1 (25 workers): they were scheduled on three days of day shift work, followed by one day off (wash out period), and then three nights of night shift work.

Group 2 (25 workers): they were scheduled on three days of night shift work, followed by one day off (wash out period), and then three days of day shift work.

Blood samples were obtained via indwelling catheter between 7:A.M. and 8:A.M. after the periods of day work and night work in both groups.

Assay {#sec2-3}
-----

Blood samples were divided into two parts; one part was transferred to a clot tube and centrifuged as soon as possible. The serum was frozen at --25°C until the enzyme-linked immunosorbent assay was performed. IL-6 and TNF-α were measured by ELISA (R&D Systems, Minneapolis, MN). The lower detection limit was 0.09 pg/mL. High-sensitive CRP was also measured by ELISA (IBL-International, Hamburg, Germany). The lower detection limit was 0.01 mg/mL.

The second part of the sample was mixed with EDTA (anti-coagulant) for complete blood count and differential and analysis by a cell counter H1 device.

Statistical analyses {#sec2-4}
--------------------

SPSS 11.5 and S-data were used to analyze data using the Student\'s *t*-test and paired *t*-test.

RESULTS {#sec1-3}
=======

Descriptions of age, weight, height, BMI, ESS, and Insomnia questionnaires scores of workers are shown in [Table 1](#T1){ref-type="table"}. Despite random allocation of workers between the two groups, there were significant differences in age and ESS between the two groups. For omission of confounder effects of these variables, we used multivariant regression.

###### 

Description of age, weight, height, body mass index, Epworth sleepiness scale, and insomnia questionnaire scores of workers

![](IJOEM-15-38-g001)

There were no carry over effects in the two periods of study on outcomes except IL-6. So we just used data of period 1 for IL-6.

Compared with day work shifts, night work shifts were associated with increased levels of IL-6, TNF-α, CRP, WBC, neutrophils, lymphocytes, and platelets, but for TNF-α was not statistically significant. There was no significant change in monocytes \[Tables [2](#T2){ref-type="table"} and [3](#T3){ref-type="table"}\].

###### 

IL6 after day work and night work shifts

![](IJOEM-15-38-g002)

###### 

Difference between night to day and day to night groups for out comes

![](IJOEM-15-38-g003)

Multivariant regression analysis was done for omitting the confounder effects of age and ESS between two groups \[[Table 4](#T4){ref-type="table"}\].

###### 

Adjusted data after multivariant regression analysis

![](IJOEM-15-38-g004)

To determine the best model for eliminating the confounder effects of age BMI, ESS, and insomnia questionnaire score, Lr-test was done and none of these variables had significant effect.

DISCUSSION {#sec1-4}
==========

Association of elevation of inflammatory factors and sleep deprivation has been demonstrated in some studies, and we have demonstrated this association with night work shifts. In this study, statistically significant increased levels of IL-6, CRP, WBC, neutrophils, lymphocytes, and platelets were shown. The change in TNF-α was not statistically significant. There was no significant change in monocytes.

Cytokines are secreted in a biphasic circadian pattern.\[[@ref20][@ref21]\] Hence, to limit the diurnal variation of secretion of cytokines, we measured the outcomes between 7:A.M. and 8:A.M.

The half-life of cytokines has been suggested to be about 60 min.\[[@ref22]\] So a one day wash out period was considered to be sufficient. However, in our study a carry over effect for IL-6 was observed with no precise description, so it may be prudent to further investigate the relationship between night shift work and IL-6.

The study by Irwin *et al*. suggested that elevation of IL-6 and TNF-α is due to gene expression of inflammatory markers in each monocyte rather than overall increase in monocyte counts.\[[@ref12]\] There were no significant changes in monocyte levels in this study.

CONCLUSION {#sec1-5}
==========

This study showed an increase in inflammatory markers after night shift work. Mounting evidence has demonstrated an association between elevation of inflammatory markers and the risk of medical conditions, including cardiovascular disease, arthritis, diabetes mellitus, and certain cancers, which are reported in shift workers too. Thereby these results favor the hypothesis that the side effects of shift work may be related to elevation of inflammatory markers.

RECOMMENDATIONS {#sec1-6}
===============

Further studies are necessary to support our findings and if so, inflammatory markers can be used for early detection of health effects of shift work.

If this hypothesis is proven, new studies need to be done to evaluate the effects of work place interventions such as bright light or rest breaks on inflammatory markers. If these markers decrease after these interventions, side effects of shift work may be preventable.

If further studies support the results of this study, we can use inflammatory markers for early detection of long-term health side effects of shift work in future for prevention of them.

At present, it is premature to extend this speculation into clinical decision making other than to consider a modification of work place.

LIMITATIONS {#sec1-7}
===========

Because of limitations in financial sources and workers cooperation, it was not possible to measure the inflammatory markers in every night and day work, and so the trend of changes could not be detected.

This trial is registered with Iranian Registry of Clinical Trials. (registration ID: IRCT138811133265n1).
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